Abstract: CIC-DUX4 gene fusion, resulting from either a t(4;19) or t(10;19) translocation, is the most common genetic abnormality detected in EWSR1-negative small blue round cell tumors. Following their discovery it was debated if these tumors should be classified as variants of Ewing sarcoma (ie, atypical Ewing sarcoma) or as a stand-alone pathologic entity. As such the WHO classification temporarily grouped the CICrearranged tumors under undifferentiated sarcomas with round cell phenotype, until further clinical evidence was available. However, most studies reported so far include small series with limited follow-up information, which preclude a more definitive assessment. The present work investigates the clinicopathologic features of a large cohort of sarcomas with CIC gene rearrangement, to define their clinical presentation, morphologic spectrum, and outcome. Our study further examines the overall survival of the CIC-positive cohort compared with a control group of EWSR1-rearranged Ewing sarcoma matched for age and stage. The study cohort included 115 patients, with a mean age of 32 years and a slight male predominance. Most tumors occurred in the soft tissue (86%), predominantly deep-seated and equally divided among trunk and extremity, followed by visceral locations (12%) and rarely in the bone (3%). Microscopically, most tumors showed round to ovoid cytomorphology but half of the cases showed also focal areas of spindling and epithelioid/rhabdoid phenotype, with frequent myxoid stromal changes. Variable CD99 reactivity was seen in 84% cases, with a diffuse pattern only in 23% of cases, whereas nuclear WT1 was seen in 92%. A CIC-DUX4 fusion was detected in 57% of cases, with either DUX4 on 4q35 (35%) or on 10q26 in 25 (22%) cases. No FOXO4 gene rearrangements were present in 39 cases tested. Clinical follow-up was available in 57 patients, with a 5-year survival of 43%, which was significantly lower than the 77% 5-year survival in the control Ewing sarcoma group (P = 0.002). Our findings show that CIC-DUX4 sarcomas occur most commonly in young adults within the somatic soft tissues, having a wide spectrum of morphology including round, epithelioid and spindle cells, and associated with an aggressive clinical course, with an inferior overall survival compared with Ewing sarcoma. The results support the classification of CIC-rearranged tumors as an independent molecular and clinical subset of small blue round cell tumors distinct from Ewing sarcoma.
A ccording to the current WHO classification, 1 undifferentiated round cell sarcomas are characterized by relatively monotonous round to ovoid cytomorphology, with a high nuclear to cytoplasmic ratio, and no distinct line of differentiation, lacking consistent genetic abnormalities. However, as they most often resemble Ewing sarcoma, for practical and treatment purposes, round cell undifferentiated sarcomas have been regarded as "Ewing sarcoma-like" and are often managed similarly to the Ewing sarcoma family of tumors. In contrast to classic Ewing sarcoma, round cell undifferentiated sarcomas lack the pathognomonic translocations involving the EWSR1 gene on chromosome 22 fused to a member of the ETS transcription factor family, either FLI1, 2 ERG, 3, 4 or other less common variants. Within this undifferentiated subgroup, the present WHO classification included round cell sarcomas with CIC-DUX4 fusions, as a temporary subset, until further evidence, both at the clinical and molecular level, could determine whether they represent an independent pathologic entity.
CIC-rearranged sarcomas have been relatively recently described as aggressive tumors arising in soft tissues of children and young adults. Although they share partial morphologic overlap with Ewing sarcoma and variable CD99 expression, emerging molecular data suggest that CIC-DUX4 tumors have a distinct pathogenesis. The CIC-DUX4 fusion results from either a t(4;19)(q35;q13) or a t(10;19)(q26;q13) translocation. [5] [6] [7] [8] [9] The genes involved in the fusion are CIC, a transcriptional repressor on chromosome 19q13.1, and DUX4, a double homeobox transcription factor, located on either 4q35 or chromosome 10q26.3. Whether the group of CIC-DUX4-positive round cell sarcomas represents a standalone category of tumors or a subgroup of the Ewing sarcoma family has been a matter of debate. In the present study we attempt to elucidate this controversy by investigating a large cohort of 115 molecularly confirmed cases to provide a more definitive classification based on detailed clinical presentation, histologic spectrum, immunoprofile, and outcome.
MATERIALS AND METHODS

Patients and Tumor Characteristics
The MSKCC files and personal consultation files of the senior authors (C.R.A., C.D.F.) were searched for the diagnosis of small blue round cell tumors (SBRCTs) and Ewing sarcoma-like tumors with available tissue for molecular analysis. All cases included were positive for CIC gene rearrangements by fluorescence in situ hybridization (FISH), being selected from SBRCTs lacking EWSR1 and FUS gene rearrangements (or other common sarcoma-associated translocations, eg, SS18). A total of 115 SBRCTs with CIC-related fusions were identified during a 2-decade period (1995 to 2016). Hematoxylin and eosin-stained slides and previously performed immunohistochemical stains were reviewed in all cases. All cases were handled in accordance with the ethical rules of the respective institutions.
For each case, the location of the tumor was recorded, along with the anatomic structures involved. The tumors were assessed for growth pattern; cytomorphology (round, oval, spindle, epithelioid, plasmacytoid/ rhabdoid phenotype); cellular pleomorphism; nuclear features including nuclear contour, chromatin pattern, and presence of nucleoli; mitotic activity; necrosis; type of stroma; and myxoid change. The immunohistochemical stains were rereviewed and a minimum panel was available for review in most cases, including CD99, WT1, cytokeratin and/or EMA, and desmin. However, most cases in fact had a much wider panel of stains used, including neural/neuroendocrine markers, as well as lymphoid markers, which were negative and excluded other diagnostic considerations.
As most of the cases tested were received in consultation, complete follow-up data were available in only 57 (50%) patients. The following clinical data were retrieved: tumor size, stage at diagnosis (primary vs. distant metastasis at diagnosis), modality of initial therapy, recurrence, vital status, and survival time. In addition, from a large cohort of 127 Ewing sarcoma patients with molecular confirmation treated at MSKCC, we selected a group of 57 Ewing sarcomas equivalent to the number of the CIC-positive cohort, closely matched for age and stage, for an accurate comparison for overall survival (OS). A further statistical analysis was performed focusing only on patients with localized disease at diagnosis, thus comparing 45 CIC-rearranged SBRCTs with 45 primary Ewing sarcoma patients for OS. The diagnosis of Ewing sarcoma was confirmed by either RT-PCR amplification of an EWSR1-FLI1/ERG transcript or an EWSR1 gene rearrangement by FISH.
Fluorescence In Situ Hybridization
FISH analysis was performed on interphase nuclei from paraffin-embedded 4 mm sections using bacterial artificial chromosomes (BAC clones), flanking CIC in 19q13 and DUX4 on 4q35 and 10q26.3 as previously described. 7 Two hundred tumor nuclei were evaluated using a Zeiss fluorescence microscope (Zeiss Axioplan, Oberkochen, Germany), controlled by Isis 5 software (Metasystems). Cases that were negative for DUX4 gene abnormalities were also investigated for the FOXO4 gene rearrangements, as previously described 10, 11 (Supplementary Table 1 , Supplemental Digital Content 1, http:// links.lww.com/PAS/A497). A cutoff of >20% nuclei showing a break-apart signal was considered to be positive for rearrangement. Nuclei with incomplete set of signals were omitted from the score.
Statistical Analysis
Statistical analysis was performed on an SPSS platform (version 24.0; IBM Corp., Armonk, NY). The associations between the clinical variables and matched groups were evaluated by the Fisher exact test. The OS time was measured in months from the date of diagnosis to the date of death. Kaplan-Meier estimate was used to calculate the OS. The statistical significance of different clinicopathologic variables (sex, age group [adult/ pediatric], tumor size [r5 cm/ >5 cm], presence of metastasis at diagnosis, and recurrence status) in relation to survival was assessed by log-rank analysis. The OS between CIC-fusion-positive SBRCT and Ewing sarcoma patients were compared by log-rank analysis. A P < 0.05 was considered as significant for all statistical analyses.
RESULTS
Patients Demographics and Clinical Presentation
Among the 115 patients included, there was a slight male dominance, with 63 (55%) males and 52 (45%) females. The age at diagnosis ranged from 6 to 81 years, with a mean of 32 years. Twenty-five patients (22%) were in the pediatric age group (below 18 y of age). The anatomic location of the primary tumor was known in 111 cases (Table 1) . Two additional patients presented with metastases to brain and lung (unknown primary tumors). Ninety-five cases (86%) arose within soft tissue, 3 (3%) cases in bone (all involving pelvic bones) and 13 (12%) cases were visceral (mostly involving gastrointestinal and genitourinary organs, Table 1 ). Among the soft tissue tumors, most were located deep within the muscle, with only 7 (7%) cases being superficial. Soft tissue tumors were equally distributed between trunk (n = 39) and extremity (n = 38), with less common presentation in the head and neck (n = 12) and retroperitoneum/intra-abdominal/pelvic location (n = 6). Within the limbs, 31 tumors occurred in the lower and 7 in the upper extremity.
Microscopic Findings
All cases showed solid proliferation of small to medium-sized neoplastic cells. One third of the cases showed a nodular or vaguely nodular appearance with thick collagenous septa separating the tumor into compartments (Fig. 1A) . Less common growth patterns included intersecting short fascicles in 2 cases (Fig. 1B) and a reticular architecture pattern (Fig. 1C ) in 1 case. Thirty-five cases showed variably prominent myxoid stromal change, which was moderate to diffuse in 12 cases (Fig. 1D) . No prominent collagenous stroma was identified in these tumors.
Most of the cases displayed round to ovoid cytomorphology, with 57 (50%) cases being composed purely of round/ovoid cells (Fig. 1E ). Twelve cases (10%) showed a mixture of round/ovoid and spindle cells, with one of the cases displaying a predominant (> 50%) spindle cell morphology (Fig. 1B) . Twenty-seven (23%) cases had a mixture of round/ovoid and plasmacytoid/rhabdoid cells, with 12 (11%) showing predominantly (> 50%) a plasmacytoid/rhabdoid phenotype (Fig. 1F) . Nineteen (17%) cases showed a mixture of round/ovoid, spindle, and plasmacytoid/rhabdoid; however, the predominant (> 50%) component was composed of round/ovoid cells.
Most tumors showed cells with scant lightly eosinophilic to clear cytoplasm, which was more abundant in the epithelioid/rhabdoid component. The nuclear features displayed various chromatin patterns: including 33 cases with fine (Fig. 1G ), 22 cases with hyperchromatic (Fig. 1H) , and 60 with a vesicular chromatin pattern (Fig. 1I) . Multifocal prominent nucleoli were observed in 38 (33%) of the tumors (Figs. 1G, I ). Most tumors had relatively monomorphic cytomorphology, with only mild nuclear pleomorphism. However, in 15 (13%) cases there was some degree of moderate nuclear pleomorphism (Fig. 1H) , in 6 being more diffuse and in 9 cases only focal. The mitotic count varied from 6 to 99 per 10 HPFs, with a mean of 32 MF/10 HPFs. Most (84%) cases showed geographic necrosis.
Immunohistochemical Findings
Immunohistochemical stains including CD99, WT1, AE1/AE3, and desmin were evaluated. One hundred ten cases were evaluated for CD99: 25 (23%) showed diffuse positivity ( Fig. 2A) , 67 (36 multifocal, 31 focal) (61%) cases multifocal/focal positivity (Fig. 2B ), whereas 18 (16%) were negative. Forty-eight (74%) of 65 cases evaluated showed diffuse WT1 nuclear expression (Fig. 2C ), whereas 12 (18%) cases were multifocally/focally positive. No staining for WT1 was noted in 4 cases. Focal staining for AE1:AE3 and desmin was present in 16 and 4 cases, respectively, of the 110 cases evaluated.
Fluorescence In Situ Hybridization
All cases showed a CIC gene break-apart signal. Cases with other CIC gene abnormalities, such as small, constant gaps suspicious for inversion, were not considered as a positive result and were not included in the study cohort. As the DUX4 gene is located in the subtelomeric region of 4q35 or 10q26, a FISH split assay could not be designed due its proximity to the telomeric area. Thus, the alternative method was to interrogate the CIC gene partner by using a 3-color FISH assay for telomeric CIC and centromeric DUX4, as previously described. 7 The results showed that 40 (35%) cases were positive for fusion to DUX4 gene on 4q35 (Fig. 2D ), whereas 25 (22%) were fused to DUX4 on 10q26 (Fig. 2E ). In the remaining 43% of the cases a fusion partner could not be demonstrated (Fig. 2F) ; however, in about one third of these cases (n = 14) the fusion assay was not informative due to a CIC telomeric deletion, which precluded evaluation of its fusion partner (Fig. 2G) . From the 50 cases lacking a DUX4 gene partner, 39 cases had available material for further FISH FOXO4 break-apart assay, as previously described in 2 cases 10,11 ; however, no FOXO4 gene abnormalities were identified.
Follow-up Data
Clinical follow-up information was available in 57 patients (50%), ranging from 1 to 269 months, median of 14 months. This cohort was representative of the entire group, with 33 (58%) males and 24 (42%) females, with an age range of 10 to 81 years (median of 31 y). Forty-eight (84%) patients were of adult age (above 18 y). The tumor size ranged from 0.7 to 23 cm, with 32 (64%) patients presenting with large-sized tumors (> 5 cm). Nine (16%) patients presented with distant metastasis at initial diagnosis . The predominant phenotype was that of solid sheets of round to ovoid cells (E); however, focal areas of more epithelioid or plasmacytoid appearance was also noted with light eosinophilic cytoplasm and eccentric nuclei (F). The nuclear features showed variable chromatin patterns, with either fine (G), dark, hyperchromatic (H), or vesicular (I) pattern. Most cases showed minor variability in nuclear size and shape, except for a small subset revealing moderate degree of nuclear pleomorphism (H). Small to medium-sized nucleoli were a common finding (G, I).
to the lung (n = 9), liver, brain, or supraclavicular lymph nodes. Among the patients who presented with primary disease, 25 developed recurrence following treatment: 4 patients had local recurrence (LR) alone, 17 patients developed distant recurrence (DR) and 4 patients developed both LR and DR (lungs and pelvis). Overall the metastatic rate was 53% (30/57) and 44% (21/48) in the localized group. The lungs were the most common site for DR (16/21, 76%). Twenty-three (40%) patients died of disease at last follow up. Twenty-two of 23 (96%) patients who remained free of disease are alive, whereas only 5 of 21 (24%) patients who recurred distantly are still alive.
CIC-positive Tumors Treated With Neoadjuvant Chemotherapy Showed an Inferior Pathologic Response and Poor Outcome
Fifty-two patients had detailed therapy information, with 22 receiving neoadjuvant chemotherapy after the diagnosis was established on a core biopsy, whereas 29 patients had an initial surgical resection with curative intent, followed by adjuvant chemotherapy in 22 patients and radiation in 2.
The overwhelming number of patients (> 90%) were treated following a Ewing sarcoma chemotherapy regimen. Five patients were treated with surgery alone. One patient received only radiotherapy, due to advanced age and anatomic location of the tumor (80/male, paraspinal). Ten patients presenting with localized disease and treated with neoadjuvant chemotherapy could be evaluated for treatment response in the resection specimen showing that only 3 had >90% therapyrelated changes (fibrosis), consistent with a grade III chemotherapy response. The remaining 7 (70%) patients had an inferior degree of pathologic response, either <50% necrosis (n = 4, grade I response) or >50% but <90% (n = 3, grade II), using the 4-tier grading system applied for Ewing sarcoma. However there was no correlation between the degree of pathologic response and survival in these 10 patients analyzed.
Interestingly, patients treated with neoadjuvant chemotherapy (n = 22) showed an inferior survival compared with patients managed by surgery first (n = 29) (P = 0.025), although the latter group was heterogenous and included 22 patients with adjuvant chemotherapy, 2 with adjuvant radiation, and 5 with surgery alone. This survival advantage was retained when comparing only patients with localized disease who received neoadjuvant chemotherapy (n = 17, of whom 13 underwent surgical resection) versus those managed by surgery first (n = 25, of whom 18 were treated with adjuvant chemo) (P = 0.041). However, patients selected for neoadjuvant therapy had a larger tumor size (P < 0.0001) compared with patients who were managed by surgery first, with no difference in age or anatomic location. Patients who were treated for localized disease with surgery and adjuvant chemotherapy (n = 18) had only a trend for improved survival compared with patients treated with neoadjuvant chemotherapy (n = 17) (P = 0.084). Among the 5 patients who had surgery alone (tumor size range, 3.5 to 5; mean, 4.1 cm), none developed DRs or died of disease. The 2 patients who were treated with surgery followed by radiation alone are both alive without DR.
Survival Analysis of CIC-rearranged Sarcoma Patients
On survival analysis, the CIC-rearranged sarcoma patients showed a 53% 2-year OS and a 43% 5-year OS rates (Fig. 3A) . When limited to the 45 CIC-rearranged sarcoma patients presenting with localized disease, the 2-and 5-year OS rates were 59% and 49%, respectively. There was no significant effect on OS related to sex (male vs. female; P = 0.178), age (adult vs. pediatric; P = 0.269), and tumor size (r5 vs. >5 cm; P = 0.378). Patients who presented with metastatic disease at diagnosis had a poor prognosis compared with patients with primary disease (P < 0.0001) (Fig. 3B) . Also, presence of recurrence (NR vs. LR vs. DR) was statistically significant on OS (P < 0.0001; Fig. 3C ). The survival analysis of CICrearranged sarcoma patients based on clinical variables is presented in Supplementary Table 2 (Supplemental Digital Content 2, http://links.lww.com/PAS/A498).
CIC-Fusion-positive SBRCTs Have a Significantly Unfavorable Outcome Compared With Ewing Sarcoma
The survival comparison between CIC-rearranged SBRCTs and Ewing sarcoma patients is presented in Supplementary Table 3 (Supplemental Digital Content 3, http://links.lww.com/PAS/A499). The 57 Ewing sarcoma cohort (matched for stage and age) had a significantly longer OS compared with CIC-rearranged sarcoma patients (P = 0.002), with a 2-and 5-year survival of 87% and 77%, respectively (Fig. 3D ). This survival difference was retained when comparing only patients with localized disease for both cohorts (n = 45), with the 5-year survival for CIC-positive cases at 49% compared with 76% for Ewing sarcoma patients (P = 0.035). In fact, the 5-year survival for the whole cohort of localized Ewing sarcoma patients, not skewed by age (n = 106, out of 127 cases total available from our database), was even more favorable at 82% (P = 0.005).
DISCUSSION
This study investigates a large cohort of 115 CICrearranged sarcomas providing further and more definitive evidence on its distinctive clinical and pathologic characteristics, in favor of a stand-alone molecularly defined entity. Initially classified under the umbrella of the Ewing sarcoma family, our findings reinforce important differences between these 2 round cell sarcomas. First, the anatomic distribution is different, with the overwhelming majority of CIC-DUX4 sarcomas, 86% in this series, occurring in the somatic soft tissues, equally distributed between extremities and trunk, followed by visceral location and infrequently in the bone. In contrast, most Ewing sarcomas occur in skeletal locations, either in the flat bones of the pelvis or chest wall or the diaphysis of long bones. 1 Second, CIC-DUX4-positive tumors preferentially affect young adults with a peak incidence in the fourth decade, with slight male predominance. In fact only 22% of the patients included in this study were of pediatric age group. In contrast, patients with Ewing sarcoma have a mean age at diagnosis of 15 years, 12 also with a slight male predominance. Although both tumor entities share an undifferentiated and mostly monotonous proliferation of round to ovoid cells, there are certain distinctive features associated with CIC-DUX4-positive tumors, most importantly a wider spectrum of cytomorphologies, with mixture of round, spindle, and epithelioid cells. Although half of the cases showed mainly a round to ovoid phenotype, the remaining cases revealed, in addition, focal areas of spindle or epithelioid cells. Furthermore, the tumor cells showed increased nuclear size and shape variability, vesicular chromatin with focally prominent nucleoli, in addition to more abundant, typically light eosinophilic cytoplasm. Stromal myxoid change was a common finding in CIC-positive tumors, which is typically absent in Ewing sarcoma. 13, 14 Immunophenotypically, as previously reported, most CIC-rearranged tumors (84%) showed variable expression of CD99, but only 23% with a diffuse pattern and 16% were completely negative. This is in contrast with classic Ewing sarcomas which typically show diffuse and strong membranous reactivity with CD99 in most if not all cases. Furthermore, nuclear WT1 reactivity was also a consistent finding in CIC-positive sarcomas, in contrast with Ewing sarcoma, as previously noted, most likely related to its transcriptional upregulation. 15 A CIC-DUX4 fusion was detected in 57% of cases with either DUX4 on 4q35 (35%) or DUX4 on 10q26 in 25 (22%) cases. CIC-DUX4 fusion appears functionally unrelated to EWSR1-ETS, with the transcriptional profile of CIC-DUX4-positive sarcomas being distinct from that of Ewing sarcoma or other sarcoma subtypes, in keeping with separate tumor entities. 15 Prior evidence has demonstrated that CIC-DUX4 sarcomas overexpress the PEA3 (polyoma enhancer activator 3) subfamily of transcription factors, including ETV1, ETV4, and ETV5, both at mRNA and protein levels. 5, [15] [16] [17] CIC is the human homolog of Drosophila capicua, a gene identified in a screen for mutations affecting the anterior-posterior pattern of Drosophila embryos. 18 CIC gene abnormalities have been implicated in various neoplastic conditions, such as CIC loss of function mutations being identified in 83% of oligodendrogliomas. 19, 20 CIC encodes a transcriptional repressor with a high-mobility group box containing DNA binding domain that normally inhibits ETV1/4/5 expression and regulates receptor tyrosine kinase signaling pathways. 21, 22 Using an experimental cell line model system, Kawamura-Saito and colleagues demonstrated binding of this CIC high-mobility group box to the promoter of PEA genes ETV1 and ETV5. Their results further revealed that fusion of DUX4 to CIC sequence provides strong transcriptional activity, resulting in mostly upregulated gene expression, with minimal downregulated genes. 5 Similar ETV1/4/5 upregulation is also present in other CIC-related fusions, such as CIC-LEUTX-positive angiosarcoma 23 and CIC-NUTM1-positive central nervous system primitive neuroectodermal tumor. 23, 24 In contrast, DUX4 gene is normally expressed in germ cells and is epigenetically silenced in somatic differentiated tissues through CpG methylation. 25 Aberrant expression of DUX4 has been implicated in the development of facioscapulohumeral muscular dystrophy. 26 The exact role in tumorigenesis of DUX4 dysregulation in the setting of CIC-DUX4 fusion remains poorly defined. Recently, CIC-DUX4 sarcoma has been shown to exhibit strong DUX4 FIGURE 3 . Survival analysis of CIC-rearranged sarcoma patients. OS of the 57 patients with follow-up information showed a 2-year OS: 53% and a 5-year OS: 43% (A). Patients who presented with metastatic disease at diagnosis followed an unfavorable clinical course compared with patients with localized disease (P < 0.0001) (B). Distant recurrence (DR) was associated with an inferior survival (P < 0.0001) (C). Patients with CIC-rearranged sarcoma have a significantly worse outcome compared with patients with Ewing sarcoma (matched for age/stage) (P = 0.002) (D).
immunoexpression, whereas other translocation-positive round cell sarcomas (ie, Ewing sarcoma, alveolar rhabdomyosarcoma, synovial sarcoma, desmoplastic small round cell tumor) did not. 27 DUX4 gene is located within the D4Z4 macrosatellite repeat region (11 to 100 copies of the repeat units) of the chromosomes 4 and 10 subtelomeric regions. 28 Two SBRCT cases were reported quite recently to have CIC alternative fusions involving FOXO4 gene on Xq13. 10, 11 Of interest both cases occurred in the head and neck soft tissue (neck and scalp) in a 65-year-old man and a 13-year-old boy, respectively. No FOXO4 gene abnormalities were detected in any of the 39 cases tested lacking DUX4 abnormalities in the present series, including head and neck lesions, suggesting that CIC-FOXO4 fusion is a rare genetic event in the pathogenesis of SBRCTs. Also of interest, a small subset of high-grade angiosarcomas occurring in the soft tissue of young adults have been recently shown to harbor CIC-related fusions, including 1 case fused to the LEUTX gene, which, similar to DUX4, belongs to the paired (PRD) homeobox genes. 23, 29 Finally patients with CIC-rearranged tumors followed an aggressive clinical course with a high metastatic rate, mainly to the lung. The 5-year OS was 43% for the entire group and 49% for the patients who presented with localized disease at diagnosis. The OS was significantly lower compared with the localized Ewing sarcoma cohort, matched for stage and age, which showed a 76% 5-year survival. These findings confirm the results of Yoshida et al 14 who found a statistically significant inferior OS in a smaller cohort of 20 CIC-rearranged sarcomas compared with a group of 53 Ewing sarcoma patients (unmatched for age or stage).
In summary, this is the largest cohort to date of molecularly confirmed CIC-fusion-positive sarcomas showing a relatively uniform clinical presentation, distinct from Ewing sarcoma. Most study group patients were young adults in their fourth decade (mean, 32 y of age), presenting with a deep soft tissue tumor, either in the extremity or trunk. Microscopically, tumors had a more heterogenous cytology, with a mixture of round, spindle, and epithelioid cell types and often myxoid stroma. Immunohistochemically, the variable CD99 reactivity and strong WT1 are helpful ancillary techniques, diagnosis can be further confirmed by FISH for CIC gene rearrangements. A CIC-DUX4 fusion was documented in only half of the cases, while no FOXO4 gene abnormality was identified. Most importantly, the follow-up information revealed highly aggressive behavior, with a high metastatic rate of 53%, mainly to the lung, and a 5-year survival of 44%, which was significantly inferior to comparable Ewing sarcoma patients. Furthermore the patients who were treated with neoadjuvant chemotherapy using a similar regimen as for Ewing sarcoma showed a poor pathologic response in 70% of cases. All these findings reinforce the prior data combined from smaller series that CIC-rearranged sarcoma has distinct clinicopathologic features, which clearly warrant a stand-alone entity, separate from Ewing sarcoma. The challenging aspect for the future remains to design novel therapies, independent from Ewing sarcoma, possibly targeting the highly upregulated downstream signature, such as the PEA3 family of transcription factors.
